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(1104L) Animals introduction 
class="introduction" 


The leaf 
chameleon 
(Brookesia 
micra) was 
discovered 
in northern 
Madagascar 
in 2012. At 

just over 

one inch 
long, it is 
the smallest 
known 
chameleon. 

(credit: 
modificatio 
n of work 

by Frank 
Glaw, et al., 

PLOS) 


Animal evolution began in the ocean over 600 million years ago with tiny 
creatures that probably do not resemble any living organism today. Since 
then, animals have evolved into a highly diverse kingdom. Although over 
one million extant (currently living) species of animals have been 
identified, scientists are continually discovering more species as they 
explore ecosystems around the world. The number of extant species is 
estimated to be between 3 and 30 million. 


But what is an animal? While we can easily identify dogs, birds, fish, 
spiders, and worms as animals, other organisms, such as corals and 
sponges, are not as easy to classify. Animals vary in complexity—from sea 
sponges to crickets to chimpanzees—and scientists are faced with the 
difficult task of classifying them within a unified system. They must 
identify traits that are common to all animals as well as traits that can be 
used to distinguish among related groups of animals. The animal 
classification system characterizes animals based on their anatomy, 
morphology, evolutionary history, features of embryological development, 
and genetic makeup. This classification scheme is constantly developing as 
new information about species arises. Understanding and classifying the 
great variety of living species help us better understand how to conserve the 
diversity of life on earth. 


(1104L) Characteristics of Animals 
By the end of this section, you will be able to: 


e List the features that distinguish the kingdom Animalia from other 
kingdoms 

e Explain the processes of animal reproduction and embryonic 
development 

e Describe the roles that Hox genes play in development 


Even though members of the animal kingdom are incredibly diverse, most 
animals share certain features that distinguish them from organisms in other 
kingdoms. All animals are eukaryotic, multicellular organisms, and almost 
all animals have a complex tissue structure with differentiated and 
specialized tissues. Most animals are motile, at least during certain life 
stages. All animals require a source of food and are therefore heterotrophic, 
ingesting other living or dead organisms; this feature distinguishes them 
from autotrophic organisms, such as most plants, which synthesize their 
own nutrients through photosynthesis. As heterotrophs, animals may be 
carnivores, herbivores, omnivores, or parasites ((link]ab). Most animals 
reproduce sexually, and the offspring pass through a series of 
developmental stages that establish a determined and fixed body plan. The 
body plan refers to the morphology of an animal, determined by 
developmental cues. 


(a) 


All animals are heterotrophs that derive energy 
from food. The (a) black bear is an omnivore, 
eating both plants and animals. The (b) 
heartworm Dirofilaria immitis is a parasite that 
derives energy from its hosts. It spends its 


larval stage in mosquitoes and its adult stage 
infesting the heart of dogs and other mammals, 
as shown here. (credit a: modification of work 
by USDA Forest Service; credit b: 
modification of work by Clyde Robinson) 


Cell and Tissue Structure 


As multicellular organisms, animals differ from plants and fungi because 
their cells don’t have cell walls, their cells may be embedded in an 
extracellular matrix, and their cells have unique structures for intercellular 
communication (such as gap junctions). Unlike the mycelial (thready) 
bodies of multicellular fungi (molds), animal tissues are composed of solid 
masses of cells and extracellular matrix. In addition, animals possess nerve 
and muscle tissue, which fungi and plants do not. 


The animal kingdom is divided into Parazoa (sponges) and Eumetazoa (all 
other animals). As very simple animals, the organisms in group Parazoa 
(“beside animal”) do not contain true specialized tissues; although they do 
possess specialized cells that perform different functions, those cells are not 
organized into tissues. These organisms are considered animals because 
their DNA sequences are more similar to Animals than to other groups. 
Animals with true tissues are in the group Eumetazoa (“true animals”). 
When we think of animals, we usually think of Eumetazoans, since most 
animals fall into this category. 


The different types of tissues in true animals are responsible for carrying 
out specific functions for the organism. This differentiation and 
specialization of tissues is part of what allows for such incredible animal 
diversity. For example, the evolution of nerve tissues and muscle tissues has 
resulted in animals’ unique ability to rapidly sense and respond to changes 
in their environment. This allows animals to survive in environments where 
they must compete with other species to meet their nutritional demands. 


Animal Reproduction and Development 


Most animals are diploid organisms, meaning that their body (somatic) cells 
contain two sets of each chromosome (1 from each parent) and haploid 
reproductive (gamete) cells are produced through meiosis. Some exceptions 
exist: For example, in bees, wasps, and ants, the male is haploid because it 
develops from unfertilized eggs. Most animals do not undergo asexual 
reproduction: This fact distinguishes animals from fungi, protists, and 
bacteria, where asexual reproduction is common or exclusive. However, a 
few groups, such as cnidarians, flatworm, and roundworms, undergo 
asexual reproduction, although nearly all of those animals also have a 
sexual phase to their life cycle. 


Processes of Animal Reproduction and Embryonic Development 


During sexual reproduction, the haploid gametes of the male and female 
individuals of a species combine in a process called fertilization. Typically, 
the small, motile male sperm fertilizes the much larger, sessile female egg. 
This process produces a diploid fertilized egg called a zygote. 


Some animal species—including sea stars and sea anemones, as well as 
some insects, reptiles, and fish—are capable of asexual reproduction. The 
most common forms of asexual reproduction for stationary aquatic animals 
include budding and fragmentation, where part of a parent individual can 
separate and grow into a new individual. In contrast, a form of asexual 
reproduction found in certain insects and vertebrates is called 
parthenogenesis (or “virgin beginning”), where unfertilized eggs can 
develop into new male offspring. This type of parthenogenesis is called 
haplodiploidy. These types of asexual reproduction produce genetically 
identical offspring, which is disadvantageous from the perspective of 
evolutionary adaptability because of the potential buildup of deleterious 
mutations. However, for animals that are limited in their capacity to attract 
mates, asexual reproduction can ensure genetic propagation. 


After fertilization, a series of developmental stages occur during which 
primary germ layers are established and reorganize to form an embryo. 


During this process, animal tissues begin to specialize and organize into 
organs and organ systems, determining their future morphology and 
physiology. Some animals, such as grasshoppers, undergo incomplete 
metamorphosis, in which the young resemble the adult. Other animals, such 
as some insects, undergo complete metamorphosis where individuals enter 
one or more larval stages that may in differ in structure and function from 
the adult ({link]). For the latter, the young and the adult may have different 
diets, limiting competition for food between them. Regardless of whether a 
species undergoes complete or incomplete metamorphosis, the series of 
developmental stages of the embryo remains largely the same for most 
members of the animal kingdom. 


(a) Incomplete metamorphosis (b) Complete metamorphosis 


(a) The grasshopper undergoes incomplete 
metamorphosis. (b) The butterfly undergoes complete 
metamorphosis. (credit: S.E. Snodgrass, USDA) 


The process of animal development begins with the cleavage, or series of 
mitotic cell divisions, of the zygote ({link]). Three cell divisions transform 
the single-celled zygote into an eight-celled structure. After further cell 
division and rearrangement of existing cells, a 6—32-celled hollow structure 
called a blastula is formed. Next, the blastula undergoes further cell 
division and cellular rearrangement during a process called gastrulation. 
This leads to the formation of the next developmental stage, the gastrula, in 
which the future digestive cavity is formed. Different cell layers (called 
germ layers) are formed during gastrulation. These germ layers are 
programmed to develop into certain tissue types, organs, and organ systems 
during a process called organogenesis. 
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During embryonic development, the 
zygote undergoes a series of mitotic cell 
divisions, or cleavages, to form an eight- 
cell stage, then a hollow blastula. During 
a process called gastrulation, the blastula 

folds inward to form a cavity in the 

gastrula. 


Note: 
Link to Learning 
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Watch the following video to see how human embryonic development 
(after the blastula and gastrula stages of development) reflects evolution. 


The Role of Homeobox (Hox) Genes in Animal Development 


Since the early 19" century, scientists have observed that many animals, 
from the very simple to the complex, shared similar embryonic morphology 
and development. Surprisingly, a human embryo and a frog embryo, at a 
certain stage of embryonic development, look remarkably alike. For a long 
time, scientists did not understand why so many animal species looked 
similar during embryonic development but were very different as adults. 
They wondered what dictated the developmental direction that a fly, mouse, 
frog, or human embryo would take. Near the end of the 20" century, a 
particular class of genes was discovered that had this very job. These genes 
that determine animal structure are called “homeotic genes,” and they 
contain DNA sequences called homeoboxes. The animal genes containing 
homeobox sequences are specifically referred to as Hox genes. This family 
of genes is responsible for determining the general body plan, such as the 
number of body segments of an animal, the number and placement of 
appendages, and animal head-tail directionality. The first Hox genes to be 
sequenced were those from the fruit fly (Drosophila melanogaster). A 
single Hox mutation in the fruit fly can result in an extra pair of wings or 
even appendages growing from the “wrong” body part. 


While there are a great many genes that play roles in the morphological 
development of an animal, what makes Hox genes so powerful is that they 
serve aS master control genes that can turn on or off large numbers of other 
genes. Hox genes do this by coding transcription factors that control the 
expression of numerous other genes. Hox genes are homologous in the 
animal kingdom, that is, the genetic sequences of Hox genes and their 


positions on chromosomes are remarkably similar across most animals 
because of their presence in a common ancestor, from worms to flies, mice, 
and humans ((link]). One of the contributions to increased animal body 
complexity is that Hox genes have undergone at least two duplication 
events during animal evolution, with the additional genes allowing for more 
complex body types to evolve. 


Note: 
Art Connection 
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Hox genes are highly conserved 
genes encoding transcription 
factors that determine the 
course of embryonic 
development in animals. In 
vertebrates, the genes have been 
duplicated into four clusters: 
Hox-A, Hox-B, Hox-C, and 
Hox-D. Genes within these 
clusters are expressed in certain 
body segments at certain stages 
of development. Shown here is 
the homology between Hox 
genes in mice and humans. Note 
how Hox gene expression, as 


indicated with orange, pink, 
blue and green shading, occurs 

in the same body segments in 
both the mouse and the human. 


If a Hox 13 gene in a mouse was replaced with a Hox 1 gene, how might 
this alter animal development? 


Section Summary 


Animals constitute an incredibly diverse kingdom of organisms. Although 
animals range in complexity from simple sea sponges to human beings, 
most members of the animal kingdom share certain features. Animals are 
eukaryotic, multicellular, heterotrophic organisms that ingest their food and 
usually develop into motile creatures with a fixed body plan. A major 
characteristic unique to the animal kingdom is the presence of differentiated 
tissues, such as nerve, muscle, and connective tissues, which are specialized 
to perform specific functions. Most animals undergo sexual reproduction, 
leading to a series of developmental embryonic stages that are relatively 
similar across the animal kingdom. A class of transcriptional control genes 
called Hox genes directs the organization of the major animal body plans, 
and these genes are strongly homologous across the animal kingdom. 


Art Connections 


Exercise: 


Problem: 


[link] If a Hox 13 gene in a mouse was replaced with a Hox 1 gene, 
how might this alter animal development? 


Solution: 


[link] The animal might develop two heads and no tail. 


Review Questions 


Exercise: 


Problem: 
Which of the following is not a feature common to most animals? 


a. development into a fixed body plan 
b. asexual reproduction 

c. specialized tissues 

d. heterotrophic nutrient sourcing 


Solution: 


B 
Exercise: 


Problem: 


During embryonic development, unique cell layers develop and 
distinguish during a stage called 


a. the blastula stage 

b. the germ layer stage 

c. the gastrula stage 

d. the organogenesis stage 


Solution: 


Cc 


Exercise: 


Problem: 


Which of the following phenotypes would most likely be the result of 
a Hox gene mutation? 


a. abnormal body length or height 

b. two different eye colors 

c. the contraction of a genetic illness 
d. two fewer appendages than normal 


Solution: 


D 


Free Response 


Exercise: 


Problem: 


Why might the evolution of specialized tissues be important for animal 
function and complexity? 


Solution: 


The development of specialized tissues affords more complex animal 
anatomy and physiology because differentiated tissue types can 
perform unique functions and work together in tandem to allow the 
animal to perform more functions. For example, specialized muscle 
tissue allows directed and efficient movement, and specialized nervous 
tissue allows for multiple sensory modalities as well as the ability to 
respond to various sensory information; these functions are not 
necessarily available to other non-animal organisms. 


Exercise: 


Problem: 


Describe and give examples of how humans display all of the features 
common to the animal kingdom. 


Solution: 


Humans are multicellular organisms. They also contain differentiated 
tissues, such as epithelial, muscle, and nervous tissue, as well as 
specialized organs and organ systems. As heterotrophs, humans cannot 
produce their own nutrients and must obtain them by ingesting other 
organisms, such as plants, fungi, and animals. Humans undergo sexual 
reproduction, as well as the same embryonic developmental stages as 
other animals, which eventually lead to a fixed and motile body plan 
controlled in large part by Hox genes. 


Exercise: 
Problem: 


How have Hox genes contributed to the diversity of animal body 
plans? 


Solution: 


Altered expression of homeotic genes can lead to major changes in the 
morphology of the individual. Hox genes can affect the spatial 
arrangements of organs and body parts. If a Hox gene was mutated or 
duplicated, it could affect where a leg might be on a fruit fly or how far 
apart a person’s fingers are. 


Glossary 


blastula 
16-32 cell stage of development of an animal embryo 


body plan 
morphology or constant shape of an organism 


cleavage 
cell division of a fertilized egg (zygote) to form a multicellular embryo 


gastrula 
stage of animal development characterized by the formation of the 
digestive cavity 


germ layer 
collection of cells formed during embryogenesis that will give rise to 
future body tissues, more pronounced in vertebrate embryogenesis 


Hox gene 
(also, homeobox gene) master control gene that can turn on or off large 
numbers of other genes during embryogenesis 


organogenesis 
formation of organs in animal embryogenesis 


(1104L)The Evolutionary History of the Animal Kingdom 
By the end of this section, you will be able to: 


e Describe the features that characterized the earliest animals and when 
they appeared on earth 

e Explain the significance of the Cambrian period for animal evolution 
and the changes in animal diversity that took place during that time 

e Describe some of the unresolved questions surrounding the Cambrian 
explosion 

e Discuss the implications of mass animal extinctions that have occurred 
in evolutionary history 


Many questions regarding the origins and evolutionary history of the animal 
kingdom continue to be researched and debated, as new fossil and 
molecular evidence change prevailing theories. Some of these questions 
include the following: How long have animals existed on Earth? What were 
the earliest members of the animal kingdom, and what organism was their 
common ancestor? While animal diversity increased during the Cambrian 
period of the Paleozoic era, 530 million years ago, modern fossil evidence 
suggests that primitive animal species existed much earlier. 


Pre-Cambrian Animal Life 


The time before the Cambrian period is known as the Ediacaran period 
(from about 635 million years ago to 543 million years ago), the final 
period of the late Proterozoic Neoproterozoic Era ([link]). It is believed that 
early animal life, termed Ediacaran biota, evolved from protists at this time. 
Some protist species called choanoflagellates closely resemble the 
choanocyte cells in the simplest animals, sponges. In addition to their 
morphological similarity, molecular analyses have revealed similar 
sequence homologies in their DNA. 


| EON | ERA ___| PERIOD [Yexrsaco 


Pennsylvanian Ei 


Mississippian 
= 
Proterozoic P 
= aa 
rel 
rehean 


(a) Earth’s history is divided into eons, eras, and periods. 
Note that the Ediacaran period starts in the Proterozoic eon 
and ends in the Cambrian period of the Phanerozoic eon. (b) 
Stages on the geological time scale are represented as a 
spiral. (credit: modification of work by USGS) 


The earliest life comprising Ediacaran biota was long believed to include 
only tiny, sessile, soft-bodied sea creatures. However, recently there has 
been increasing scientific evidence suggesting that more varied and 
complex animal species lived during this time, and possibly even before the 
Ediacaran period. 


Fossils believed to represent the oldest animals with hard body parts were 
recently discovered in South Australia. These sponge-like fossils, named 
Coronacollina acula, date back as far as 560 million years, and are believed 
to show the existence of hard body parts and spicules that extended 20—40 
cm from the main body (estimated about 5 cm long). Other fossils from the 
Ediacaran period are shown in [link]ab. 


Fossils of (a) Cyclomedusa and (b) 
Dickinsonia date to 650 million years ago, 
during the Ediacaran period. (credit: 
modification of work by 
“Smith609”/Wikimedia Commons) 


Another recent fossil discovery may represent the earliest animal species 
ever found. While the validity of this claim is still under investigation, these 
primitive fossils appear to be small, one-centimeter long, sponge-like 
creatures. These fossils from South Australia date back 650 million years, 
actually placing the putative animal before the great ice age extinction event 
that marked the transition between the Cryogenian period and the 
Ediacaran period. Until this discovery, most scientists believed that there 
was no animal life prior to the Ediacaran period. Many scientists now 
believe that animals may in fact have evolved during the Cryogenian 
period. 


The Cambrian Explosion of Animal Life 


The Cambrian period, occurring between approximately 542—488 million 
years ago, marks the most rapid evolution of new animal phyla and animal 
diversity in Earth’s history. It is believed that most of the animal phyla in 
existence today had their origins during this time, often referred to as the 
Cambrian explosion (({link]). Echinoderms, mollusks, worms, arthropods, 
and chordates arose during this period. One of the most dominant species 


during the Cambrian period was the trilobite, an arthropod that was among 
the first animals to exhibit a sense of vision ([link]abcd). 


An artist’s rendition depicts some 
organisms from the Cambrian period. 


These fossils (a—d) belong to trilobites, 
extinct arthropods that appeared in the 
early Cambrian period, 525 million years 
ago, and disappeared from the fossil 
record during a mass extinction at the end 
of the Permian period, about 250 million 
years ago. 


The cause of the Cambrian explosion is still debated. There are many 
theories that attempt to answer this question. Environmental changes may 
have created a more suitable environment for animal life. Examples of these 
changes include rising atmospheric oxygen levels and large increases in 
oceanic calcium concentrations that preceded the Cambrian period ((link]). 
Some scientists believe that an expansive, continental shelf with numerous 
shallow lagoons or pools provided the necessary living space for larger 
numbers of different types of animals to co-exist. There is also support for 
theories that argue that ecological relationships between species, such as 
changes in the food web, competition for food and space, and predator-prey 


relationships, were primed to promote a sudden massive coevolution of 
species. Yet other theories claim genetic and developmental reasons for the 
Cambrian explosion. The morphological flexibility and complexity of 
animal development afforded by the evolution of Hox control genes may 
have provided the necessary opportunities for increases in possible animal 
morphologies at the time of the Cambrian period. Theories that attempt to 
explain why the Cambrian explosion happened must be able to provide 
valid reasons for the massive animal diversification, as well as explain why 
it happened when it did. There is evidence that both supports and refutes 
each of the theories described above, and the answer may very well be a 
combination of these and other theories. 
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The oxygen concentration in Earth’s atmosphere 
rose sharply around 300 million years ago. 


However, unresolved questions about the animal diversification that took 
place during the Cambrian period remain. For example, we do not 
understand how the evolution of so many species occurred in such a short 
period of time. Was there really an “explosion” of life at this particular 
time? Some scientists question the validity of the this idea, because there is 


increasing evidence to suggest that more animal life existed prior to the 
Cambrian period and that other similar species’ so-called explosions (or 
radiations) occurred later in history as well. Furthermore, the vast 
diversification of animal species that appears to have begun during the 
Cambrian period continued well into the following Ordovician period. 
Despite some of these arguments, most scientists agree that the Cambrian 
period marked a time of impressively rapid animal evolution and 
diversification that is unmatched elsewhere during history. 


Note: 
Link to Learning 
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View an animation of what ocean life may have been like during the 
Cambrian explosion. 
https://www.openstaxcollege.org/l/ocean_ life 


Post-Cambrian Evolution and Mass Extinctions 


The periods that followed the Cambrian during the Paleozoic Era are 
marked by further animal evolution and the emergence of many new orders, 
families, and species. As animal phyla continued to diversify, new species 
adapted to new ecological niches. During the Ordovician period, which 
followed the Cambrian period, plant life first appeared on land. This change 
allowed formerly aquatic animal species to invade land, feeding directly on 
plants or decaying vegetation. Continual changes in temperature and 
moisture throughout the remainder of the Paleozoic Era due to continental 
plate movements encouraged the development of new adaptations to 


terrestrial existence in animals, such as limbed appendages in amphibians 
and epidermal scales in reptiles. 


Changes in the environment often create new niches (living spaces) that 
contribute to rapid speciation and increased diversity. On the other hand, 
cataclysmic events, such as volcanic eruptions and meteor strikes that 
obliterate life, can result in devastating losses of diversity. Such periods of 
mass extinction ((link]) have occurred repeatedly in the evolutionary 
record of life, erasing some genetic lines while creating room for others to 
evolve into the empty niches left behind. The end of the Permian period 
(and the Paleozoic Era) was marked by the largest mass extinction event in 
Earth’s history, a loss of roughly 95 percent of the extant species at that 
time. Some of the dominant phyla in the world’s oceans, such as the 
trilobites, disappeared completely. On land, the disappearance of some 
dominant species of Permian reptiles made it possible for a new line of 
reptiles to emerge, the dinosaurs. The warm and stable climatic conditions 
of the ensuing Mesozoic Era promoted an explosive diversification of 
dinosaurs into every conceivable niche in land, air, and water. Plants, too, 
radiated into new landscapes and empty niches, creating complex 
communities of producers and consumers, some of which became very 
large on the abundant food available. 


Another mass extinction event occurred at the end of the Cretaceous period, 
bringing the Mesozoic Era to an end. Skies darkened and temperatures fell 
as a large meteor impact and tons of volcanic ash blocked incoming 
sunlight. Plants died, herbivores and carnivores starved, and the mostly 
cold-blooded dinosaurs ceded their dominance of the landscape to more 
warm-blooded mammals. In the following Cenozoic Era, mammals radiated 
into terrestrial and aquatic niches once occupied by dinosaurs, and birds, the 
warm-blooded offshoots of one line of the ruling reptiles, became aerial 
specialists. The appearance and dominance of flowering plants in the 
Cenozoic Era created new niches for insects, as well as for birds and 
mammals. Changes in animal species diversity during the late Cretaceous 
and early Cenozoic were also promoted by a dramatic shift in Earth’s 
geography, as continental plates slid over the crust into their current 
positions, leaving some animal groups isolated on islands and continents, or 
separated by mountain ranges or inland seas from other competitors. Early 


in the Cenozoic, new ecosystems appeared, with the evolution of grasses 
and coral reefs. Late in the Cenozoic, further extinctions followed by 
speciation occurred during ice ages that covered high latitudes with ice and 
then retreated, leaving new open spaces for colonization. 


Note: 
Link to Learning 
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Watch the following video to learn more about the mass extinctions. 
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Mass extinctions have occurred repeatedly 
over geological time. 


Note: 

Career Connection 

Paleontologist 

Natural history museums contain the fossil casts of extinct animals and 
information about how these animals evolved, lived, and died. 
Paleontogists are scientists who study prehistoric life. They use fossils to 
observe and explain how life evolved on Earth and how species interacted 
with each other and with the environment. A paleontologist needs to be 
knowledgeable in biology, ecology, chemistry, geology, and many other 
scientific disciplines. A paleontologist’s work may involve field studies: 
searching for and studying fossils. In addition to digging for and finding 
fossils, paleontologists also prepare fossils for further study and analysis. 
Although dinosaurs are probably the first animals that come to mind when 
thinking about paleontology, paleontologists study everything from plant 
life, fungi, and fish to sea animals and birds. 

An undergraduate degree in earth science or biology is a good place to start 
toward the career path of becoming a paleontologist. Most often, a 
graduate degree is necessary. Additionally, work experience in a museum 
or in a paleontology lab is useful. 


Section Summary 


The most rapid diversification and evolution of animal species in all of 
history occurred during the Cambrian period of the Paleozoic Era, a 
phenomenon known as the Cambrian explosion. Until recently, scientists 
believed that there were only very few tiny and simplistic animal species in 
existence before this period. However, recent fossil discoveries have 
revealed that additional, larger, and more complex animals existed during 
the Ediacaran period, and even possibly earlier, during the Cryogenian 
period. Still, the Cambrian period undoubtedly witnessed the emergence of 
the majority of animal phyla that we know today, although many questions 
remain unresolved about this historical phenomenon. 


The remainder of the Paleozoic Era is marked by the growing appearance of 
new classes, families, and species, and the early colonization of land by 


certain marine animals. The evolutionary history of animals is also marked 
by numerous major extinction events, each of which wiped out a majority 
of extant species. Some species of most animal phyla survived these 
extinctions, allowing the phyla to persist and continue to evolve into species 
that we see today. 


Review Questions 


Exercise: 
Problem: 


Which of the following periods is the earliest during which animals 
may have appeared? 


a. Ordovician period 
b. Cambrian period 
c. Ediacaran period 
d. Cryogenian period 


Solution: 


D 
Exercise: 
Problem: 


What type of data is primarily used to determine the existence and 
appearance of early animal species? 


a. molecular data 

b. fossil data 

c. morphological data 

d. embryological development data 


Solution: 


B 
Exercise: 


Problem: 
The time between 542-488 million years ago marks which period? 


a. Cambrian period 
b. Silurian period 

c. Ediacaran period 
d. Devonian period 


Solution: 


A 
Exercise: 


Problem: 


Until recent discoveries suggested otherwise, animals existing before 
the Cambrian period were believed to be: 


a. small and ocean-dwelling 

b. small and non-motile 

c. small and soft-bodied 

d. small and radially symmetrical or asymmetrical 


Solution: 


C 
Exercise: 


Problem: 
Plant life first appeared on land during which of the following periods? 


a. Cambrian period 


b. Ordovician period 
c. Silurian period 
d. Devonian period 


Solution: 


B 
Exercise: 


Problem: 


Approximately how many mass extinction events occurred throughout 
the evolutionary history of animals? 


a. 3 
b. 4 
GS 
d. more than 5 
Solution: 


D 


Free Response 


Exercise: 


Problem: 


Briefly describe at least two theories that attempt to explain the cause 
of the Cambrian explosion. 


Solution: 


One theory states that environmental factors led to the Cambrian 
explosion. For example, the rise in atmospheric oxygen and oceanic 


calcium levels helped to provide the right environmental conditions to 
allow such a rapid evolution of new animal phyla. Another theory 
states that ecological factors such as competitive pressures and 
predator-prey relationships reached a threshold that supported the rapid 
animal evolution that took place during the Cambrian period. 


Exercise: 


Problem: 


How is it that most, if not all, of the extant animal phyla today evolved 
during the Cambrian period if so many massive extinction events have 
taken place since then? 


Solution: 


It is true that multiple mass extinction events have taken place since 
the Cambrian period, when most currently existing animal phyla 
appeared, and the majority of animal species were commonly wiped 
out during these events. However, a small number of animal species 
representing each phylum were usually able to survive each extinction 
event, allowing the phylum to continue to evolve rather than become 
altogether extinct. 


Glossary 


Cambrian explosion 
time during the Cambrian period (542-488 million years ago) when 
most of the animal phyla in existence today evolved 


Cryogenian period 
geologic period (850-630 million years ago) characterized by a very 
cold global climate 


Ediacaran period 
geological period (630-542 million years ago) when the oldest definite 
multicellular organisms with tissues evolved 


mass extinction 
event that wipes out the majority of species within a relatively short 
geological time period 


(1104L) Phylum Porifera 
By the end of this section, you will be able to: 


e Describe the organizational features of the simplest multicellular 
organisms 
e Explain the various body forms and bodily functions of sponges 


The invertebrates, or invertebrata, are animals that do not contain bony 
structures, such as the cranium and vertebrae. The simplest of all the 
invertebrates are the Parazoans, which include only the phylum Porifera: 
the sponges ({link]). Parazoans (“beside animals”) do not display tissue- 
level organization, although they do have specialized cells that perform 
specific functions. Sponge larvae are able to swim; however, adults are non- 
motile and spend their life attached to a substratum. Since water is vital to 
sponges for excretion, feeding, and gas exchange, their body structure 
facilitates the movement of water through the sponge. Structures such as 
canals, chambers, and cavities enable water to move through the sponge to 
nearly all body cells. 


Sponges are members of the 
Phylum Porifera, which contains 
the simplest invertebrates. (credit: 
Andrew Turner) 


Morphology of Sponges 


The morphology of the simplest sponges takes the shape of a cylinder with 
a large central cavity, the spongocoel, occupying the inside of the cylinder. 
Water can enter into the spongocoel from numerous pores in the body wall. 
Water entering the spongocoel is extruded via a large common opening 
called the osculum. However, sponges exhibit a range of diversity in body 
forms, including variations in the size of the spongocoel, the number of 
osculi, and where the cells that filter food from the water are located. 


While sponges (excluding the hexactinellids) do not exhibit tissue-layer 
organization, they do have different cell types that perform distinct 
functions. Pinacocytes, which are epithelial-like cells, form the outermost 
layer of sponges and enclose a jelly-like substance called mesohyl. 
Mesohy]l is an extracellular matrix consisting of a collagen-like gel with 
suspended cells that perform various functions. The gel-like consistency of 
mesohyl acts like an endoskeleton and maintains the tubular morphology of 
sponges. In addition to the osculum, sponges have multiple pores called 
ostia on their bodies that allow water to enter the sponge. In some sponges, 
ostia are formed by porocytes, single tube-shaped cells that act as valves to 
regulate the flow of water into the spongocoel. In other sponges, ostia are 
formed by folds in the body wall of the sponge. 


Choanocytes (“collar cells”) are present at various locations, depending on 
the type of sponge, but they always line the inner portions of some space 
through which water flows (the spongocoel in simple sponges, canals 
within the body wall in more complex sponges, and chambers scattered 
throughout the body in the most complex sponges). Whereas pinacocytes 
line the outside of the sponge, choanocytes tend to line certain inner 
portions of the sponge body that surround the mesohyl. The structure of a 
choanocyte is critical to its function, which is to generate a water current 
through the sponge and to trap and ingest food particles by phagocytosis. 
Note the similarity in appearance between the sponge choanocyte and 
choanoflagellates (Protista). This similarity suggests that sponges and 
choanoflagellates are closely related and likely share a recent common 
ancestry. The cell body is embedded in mesohy] and contains all organelles 
required for normal cell function, but protruding into the “open space” 


inside of the sponge is a mesh-like collar composed of microvilli with a 
single flagellum in the center of the column. The cumulative effect of the 
flagella from all choanocytes aids the movement of water through the 
sponge: drawing water into the sponge through the numerous ostia, into the 
spaces lined by choanocytes, and eventually out through the osculum (or 
osculi). In the meantime, food particles, including waterborne bacteria and 
algae, are trapped by the sieve-like collar of the choanocytes, slide down 
into the body of the cell, are ingested by phagocytosis, and become encased 
in a food vacuole. Lastly, choanocytes will differentiate into sperm for 
sexual reproduction, where they will become dislodged from the mesohyl 
and leave the sponge with expelled water through the osculum. 


Note: 
Link to Learning 
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Watch this video to see the movement of water through the sponge body. 
https://www.openstaxcollege.org/I/filter_sponges 


The second crucial cells in sponges are called amoebocytes (or 
archaeocytes), named for the fact that they move throughout the mesohyl in 
an amoeba-like fashion. Amoebocytes have a variety of functions: 
delivering nutrients from choanocytes to other cells within the sponge, 
giving rise to eggs for sexual reproduction (which remain in the mesohy]l), 
delivering phagocytized sperm from choanocytes to eggs, and 
differentiating into more-specific cell types. Some of these more-specific 
cell types include collencytes and lophocytes, which produce the collagen- 
like protein to maintain the mesohyl, sclerocytes, which produce spicules in 
some sponges, and spongocytes, which produce the protein spongin in the 


majority of sponges. These cells produce collagen to maintain the 


consistency of the mesohyl. The different cell types in sponges are shown in 
[link]. 


Note: 
Art Connection 


Lophocyte or collenocyte Pinacocyte 


Osculum secretes collagen. forms the outer 
covering of the 
sponge; may 
phagocytize large 

© Ostia food particles. 


Oocyte 
egg cell 
Porocyte 
> controls water 


flow through 
ostia. 
Amoebocyte 
delivers nutrients 
to cells, and 
differentiates into 
other cell types. 


Choanocyte Sclerocyte 
generates water current _ secretes silica 
ae: and filters food particles _ spicules. 
Mesohyl | — from water. 


(a) Basic sponge body plan (b) Some sponge cell types 


The sponge’s (a) basic body plan and (b) some 
of the specialized cell types found in sponges 
are shown. 


Which of the following statements is false? 


a. Choanocytes have flagella that propel water through the body. 

b. Pinacocytes can transform into any cell type. 

c. Lophocytes secrete collagen. 

d. Porocytes control the flow of water through pores in the sponge body. 


In some sponges, sclerocytes secrete small spicules into the mesohyl, 
which are composed of either calcium carbonate or silica, depending on the 
type of sponge. These spicules serve to provide additional stiffness to the 
body of the sponge. Additionally, spicules, when present externally, may 
ward off predators. Another type of protein, spongin, may also be present in 
the mesohyl of some sponges. 


Note: 
Link to Learning 


Pleo [el 
wees. OPenstax COLLEGE” 

4 
| oe r 


Take an up-close tour through the sponge and its cells. 


The presence and composition of spicules/spongin are the differentiating 
characteristics of the three classes of sponges ({link]): Class Calcarea 
contains calcium carbonate spicules and no spongin, class Hexactinellida 
contains six-rayed siliceous spicules and no spongin, and class 
Demospongia contains spongin and may or may not have spicules; if 
present, those spicules are siliceous. Spicules are most conspicuously 
present in class Hexactinellida, the order consisting of glass sponges. Some 
of the spicules may attain giant proportions (in relation to the typical size 
range of glass sponges of 3 to 10 mm) as seen in Monorhaphis chuni, which 
grows up to 3 m long. 


(a) (c) 


(a) Clathrina clathrus belongs to class Calcarea, (b) 
Staurocalyptus spp. (common name: yellow Picasso 
sponge) belongs to class Hexactinellida, and (c) Acarnus 
erithacus belongs to class Demospongia. (credit a: 
modification of work by Parent Géry; credit b: modification 
of work by Monterey Bay Aquarium Research Institute, 
NOAA; credit c: modification of work by Sanctuary 
Integrated Monitoring Network, Monterey Bay National 
Marine Sanctuary, NOAA) 


Note: 
Link to Learning 
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Use the Interactive Sponge Guide to identify species of sponges based on 
their external form, mineral skeleton, fiber, and skeletal architecture. 


Physiological Processes in Sponges 


Sponges, despite being simple organisms, regulate their different 
physiological processes through a variety of mechanisms. These processes 
regulate their metabolism, reproduction, and locomotion. 


Digestion 


Sponges lack complex digestive, respiratory, circulatory, reproductive, and 
nervous systems. Their food is trapped when water passes through the ostia 
and out through the osculum. Bacteria smaller than 0.5 microns in size are 
trapped by choanocytes, which are the principal cells engaged in nutrition, 
and are ingested by phagocytosis. Particles that are larger than the ostia may 
be phagocytized by pinacocytes. In some sponges, amoebocytes transport 
food from cells that have ingested food particles to those that do not. For 
this type of digestion, in which food particles are digested within individual 
cells, the sponge draws water through diffusion. The limit of this type of 
digestion is that food particles must be smaller than individual cells. 


All other major body functions in the sponge (gas exchange, circulation, 
excretion) are performed by diffusion between the cells that line the 
openings within the sponge and the water that is passing through those 
openings. All cell types within the sponge obtain oxygen from water 
through diffusion. Likewise, carbon dioxide is released into seawater by 
diffusion. In addition, nitrogenous waste produced as a byproduct of protein 
metabolism is excreted via diffusion by individual cells into the water as it 
passes through the sponge. 


Reproduction 


Sponges reproduce by sexual as well as asexual methods. The typical 
means of asexual reproduction is either fragmentation (where a piece of the 
sponge breaks off, settles on a new substrate, and develops into a new 
individual) or budding (a genetically identical outgrowth grows from the 
parent and eventually detaches or remains attached to form a colony). An 
atypical type of asexual reproduction is found only in freshwater sponges 


and occurs through the formation of gemmules. Gemmules are 
environmentally resistant structures produced by adult sponges wherein the 
typical sponge morphology is inverted. In gemmules, an inner layer of 
amoebocytes is surrounded by a layer of collagen (spongin) that may be 
reinforced by spicules. The collagen that is normally found in the mesohyl 
becomes the outer protective layer. In freshwater sponges, gemmules may 
survive hostile environmental conditions like changes in temperature and 
serve to recolonize the habitat once environmental conditions stabilize. 
Gemmules are capable of attaching to a substratum and generating a new 
sponge. Since gemmules can withstand harsh environments, are resistant to 
desiccation, and remain dormant for long periods, they are an excellent 
means of colonization for a sessile organism. 


Sexual reproduction in sponges occurs when gametes are generated. 
Sponges are monoecious (hermaphroditic), which means that one individual 
can produce both gametes (eggs and sperm) simultaneously. In some 
sponges, production of gametes may occur throughout the year, whereas 
other sponges may show sexual cycles depending upon water temperature. 
Sponges may also become sequentially hermaphroditic, producing oocytes 
first and spermatozoa later. Oocytes arise by the differentiation of 
amoebocytes and are retained within the spongocoel, whereas spermatozoa 
result from the differentiation of choanocytes and are ejected via the 
osculum. Ejection of spermatozoa may be a timed and coordinated event, as 
seen in certain species. Spermatozoa carried along by water currents can 
fertilize the oocytes borne in the mesohyl of other sponges. Early larval 
development occurs within the sponge, and free-swimming larvae are then 
released via the osculum. 


Locomotion 


Sponges are generally sessile as adults and spend their lives attached to a 
fixed substratum. They do not show movement over large distances like 
other free-swimming marine invertebrates. However, sponge cells are 
capable of creeping along substrata via organizational plasticity. Under 
experimental conditions, researchers have shown that sponge cells spread 
on a physical support demonstrate a leading edge for directed movement. It 


has been speculated that this localized creeping movement may help 
sponges adjust to microenvironments near the point of attachment. It must 
be noted, however, that this pattern of movement has been documented in 
laboratories, but it remains to be observed in natural sponge habitats. 


Note: 
Link to Learning 


Watch this BBC video showing the array of sponges seen along the 
Cayman Wall during a submersible dive. 


Section Summary 

Animals included in phylum Porifera are Parazoans because they do not 
show the formation of true tissues (except in class Hexactinellida). These 
organisms show very simple organization, with a rudimentary endoskeleton. 
Sponges have multiple cell types that are geared toward executing various 


metabolic functions. Although these animals are very simple, they perform 
several complex physiological functions. 


Art Connections 


Exercise: 


Problem: [link] Which of the following statements is false? 


a. Choanocytes have flagella that propel water through the body. 


b. Pinacocytes can transform into any cell type. 
c. Lophocytes secrete collagen. 
d. Porocytes control the flow of water through pores in the sponge 


body. 


Solution: 


[link] B 


Review Questions 


Exercise: 


Problem: Mesohy]l contains: 


a. a polysaccharide gel and dead cells 

b. a collagen-like gel and suspended cells for various functions 
c. spicules composed of silica or calcium carbonate 

d. multiple pores 


Solution: 
B 
Exercise: 
Problem:The large central opening in the Parazoan body is called the: 


a. gemmule 
b. spicule 
Cc. ostia 

d. osculum 


Solution: 


D 


Free Response 


Exercise: 


Problem: 
Describe the different cell types and their functions in sponges. 
Solution: 


Pinacocytes are epithelial-like cells, form the outermost layer of 
sponges, and enclose a jelly-like substance called mesohyl. In some 
sponges, porocytes form ostia, single tube-shaped cells that act as 
valves to regulate the flow of water into the spongocoel. Choanocytes 
(“collar cells”) are present at various locations, depending on the type 
of sponge, but they always line some space through which water flows 
and are used in feeding. 


Exercise: 


Problem: 


Describe the feeding mechanism of sponges and identify how it is 
different from other animals. 


Solution: 


The sponges draw water carrying food particles into the spongocoel 
using the beating of flagella on the choanocytes. The food particles are 
caught by the collar of the choanocyte and are brought into the cell by 
phagocytosis. Digestion of the food particle takes place inside the cell. 
The difference between this and the mechanisms of other animals is 
that digestion takes place within cells rather than outside of cells. It 
means that the organism can feed only on particles smaller than the 
cells themselves. 


Glossary 


amoebocyte 
sponge cell with multiple functions, including nutrient delivery, egg 
formation, sperm delivery, and cell differentiation 


choanocyte 
(also, collar cell) sponge cell that functions to generate a water current 
and to trap and ingest food particles via phagocytosis 


gemmule 
structure produced by asexual reproduction in freshwater sponges 
where the morphology is inverted 


invertebrata 
(also, invertebrates) category of animals that do not possess a cranium 
or vertebral column 


mesohyl 
collagen-like gel containing suspended cells that perform various 
functions in the sponge 


osculum 
large opening in the sponge’s body through which water leaves 


ostium 
pore present on the sponge’s body through which water enters 


pinacocyte 
epithelial-like cell that forms the outermost layer of sponges and 
encloses a jelly-like substance called mesohyl 


Porifera 
phylum of animals with no true tissues, but a porous body with 
rudimentary endoskeleton 


sclerocyte 
cell that secretes silica spicules into the mesohyl 


spicule 
structure made of silica or calcium carbonate that provides structural 
support for sponges 


spongocoel 
central cavity within the body of some sponges 


(1104L) Phylum Cnidaria 
By the end of this section, you will be able to: 


¢ Compare structural and organization characteristics of Porifera and 
Cnidaria 

e Describe the progressive development of tissues and their relevance to 
animal complexity 


Phylum Cnidaria includes animals that show radial or biradial symmetry 
and are diploblastic, that is, they develop from two embryonic layers. 
Nearly all (about 99 percent) cnidarians are marine species. 


Cnidarians contain specialized cells known as cnidocytes (“stinging cells”) 
containing organelles called nematocysts (stingers). These cells are present 
around the mouth and tentacles, and serve to immobilize prey with toxins 
contained within the cells. Nematocysts contain coiled threads that may 
bear barbs. The outer wall of the cell has hairlike projections called 
cnidocils, which are sensitive to touch. When touched, the cells are known 
to fire coiled threads that can either penetrate the flesh of the prey or 
predators of cnidarians (see [link]) or ensnare it. These coiled threads 
release toxins into the target and can often immobilize prey or scare away 
predators. 


Touch-sensitive 
hairlike projection 


Cnidocyte 


(a) Nematocyst with stored (b) Nematocyst after 
thread and barb firing 


Animals from the phylum 
Cnidaria have stinging cells called 
cnidocytes. Cnidocytes contain 
large organelles called (a) 


nematocysts that store a coiled 

thread and barb. When hairlike 
projections on the cell surface are 
touched, (b) the thread, barb, and a 
toxin are fired from the organelle. 


Note: 
Link to Learning 
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View this video animation showing two anemones engaged in a battle. 
https://www.openstaxcollege.org/l/nematocyst 


Animals in this phylum display two distinct morphological body plans: 
polyp or “stalk” and medusa or “bell” ({link]). An example of the polyp 
form is Hydra spp.; perhaps the most well-known medusoid animals are the 
jellies (jellyfish). Polyp forms are sessile as adults, with a single opening to 
the digestive system (the mouth) facing up with tentacles surrounding it. 
Medusa forms are motile, with the mouth and tentacles hanging down from 
an umbrella-shaped bell. 


Mesoglea 


(a) Medusa (b) Polyp 


Cnidarians have two distinct body 
plans, the medusa (a) and the 
polyp (b). All cnidarians have two 
membrane layers, with a jelly-like 
mesoglea between them. 


Some cnidarians are polymorphic, that is, they have two body plans during 
their life cycle. An example is the colonial hydroid called an Obelia. The 
sessile polyp form has, in fact, two types of polyps, shown in [link]. The 
first is the gastrozooid, which is adapted for capturing prey and feeding; the 
other type of polyp is the gonozooid, adapted for the asexual budding of 
medusa. When the reproductive buds mature, they break off and become 
free-swimming medusa, which are either male or female (dioecious). The 
male medusa makes sperm, whereas the female medusa makes eggs. After 
fertilization, the zygote develops into a blastula, which develops into a 
planula larva. The larva is free swimming for a while, but eventually 
attaches and a new colonial reproductive polyp is formed. 


Gastrozooid Gonozooid 


The sessile form of Obelia 
geniculate has two types of 
polyps: gastrozooids, which are 
adapted for capturing prey, and 
gonozooids, which bud to produce 
medusae asexually. 


Note: 
Link to Learning 


OPA fae 


— 
meee OPENStAX COLLEGE 
— 

- 


Click here to follow the life cycle of the Obelia. 


All cnidarians show the presence of two membrane layers in the body that 
are derived from the endoderm and ectoderm of the embryo. The outer layer 
(from ectoderm) is called the epidermis and lines the outside of the animal, 
whereas the inner layer (from endoderm) is called the gastrodermis and 
lines the digestive cavity. Between these two membrane layers is a non- 
living, jelly-like mesoglea connective layer. In terms of cellular complexity, 
cnidarians show the presence of differentiated cell types in each tissue 
layer, such as nerve cells, contractile epithelial cells, enzyme-secreting 
cells, and nutrient-absorbing cells, as well as the presence of intercellular 
connections. However, the development of organs or organ systems is not 
advanced in this phylum. 


The nervous system is primitive, with nerve cells scattered across the body. 
This nerve net may show the presence of groups of cells in the form of 
nerve plexi (singular plexus) or nerve cords. The nerve cells show mixed 
characteristics of motor as well as sensory neurons. The predominant 
signaling molecules in these primitive nervous systems are chemical 
peptides, which perform both excitatory and inhibitory functions. Despite 
the simplicity of the nervous system, it coordinates the movement of 
tentacles, the drawing of captured prey to the mouth, the digestion of food, 
and the expulsion of waste. 


The cnidarians perform extracellular digestion in which the food is taken 
into the gastrovascular cavity, enzymes are secreted into the cavity, and the 
cells lining the cavity absorb nutrients. The gastrovascular cavity has only 
one opening that serves as both a mouth and an anus, which is termed an 
incomplete digestive system. Cnidarian cells exchange oxygen and carbon 
dioxide by diffusion between cells in the epidermis with water in the 


environment, and between cells in the gastrodermis with water in the 
gastrovascular cavity. The lack of a circulatory system to move dissolved 
gases limits the thickness of the body wall and necessitates a non-living 
mesoglea between the layers. There is no excretory system or organs, and 
nitrogenous wastes simply diffuse from the cells into the water outside the 
animal or in the gastrovascular cavity. There is also no circulatory system, 
so nutrients must move from the cells that absorb them in the lining of the 
gastrovascular cavity through the mesoglea to other cells. 


The phylum Cnidaria contains about 10,000 described species divided into 
four classes: Anthozoa, Scyphozoa, Cubozoa, and Hydrozoa. The 
anthozoans, the sea anemones and corals, are all sessile species, whereas 
the scyphozoans (jellyfish) and cubozoans (box jellies) are swimming 
forms. The hydrozoans contain sessile forms and swimming colonial forms 
like the Portuguese Man O’ War. 


Class Anthozoa 


The class Anthozoa includes all cnidarians that exhibit a polyp body plan 
only; in other words, there is no medusa stage within their life cycle. 
Examples include sea anemones ([link]), sea pens, and corals, with an 
estimated number of 6,100 described species. Sea anemones are usually 
brightly colored and can attain a size of 1.8 to 10 cm in diameter. These 
animals are usually cylindrical in shape and are attached to a substrate. A 
mouth opening is surrounded by tentacles bearing cnidocytes. 


Tentacles (contain cnidocytes, 
or stinging cells, that bear the 
nematocysts) Outer 


epidermis 


Gastrovascular = 
cavity 


(b) 


The sea anemone is shown (a) photographed and (b) in a diagram 
illustrating its morphology. (credit a: modification of work by 
"Dancing With Ghosts"/Flickr; credit b: modification of work by 
NOAA) 


The mouth of a sea anemone is surrounded by tentacles that bear 
cnidocytes. The slit-like mouth opening and pharynx are lined by a groove 
called a siphonophore. The pharynx is the muscular part of the digestive 
system that serves to ingest as well as egest food, and may extend for up to 
two-thirds the length of the body before opening into the gastrovascular 
cavity. This cavity is divided into several chambers by longitudinal septa 
called mesenteries. Each mesentery consists of one ectodermal and one 
endodermal cell layer with the mesoglea sandwiched in between. 
Mesenteries do not divide the gastrovascular cavity completely, and the 
smaller cavities coalesce at the pharyngeal opening. The adaptive benefit of 


the mesenteries appears to be an increase in surface area for absorption of 
nutrients and gas exchange. 


Sea anemones feed on small fish and shrimp, usually by immobilizing their 
prey using the cnidocytes. Some sea anemones establish a mutualistic 
relationship with hermit crabs by attaching to the crab’s shell. In this 
relationship, the anemone gets food particles from prey caught by the crab, 
and the crab is protected from the predators by the stinging cells of the 
anemone. Anemone fish, or clownfish, are able to live in the anemone since 
they are immune to the toxins contained within the nematocysts. 


Anthozoans remain polypoid throughout their lives and can reproduce 
asexually by budding or fragmentation, or sexually by producing gametes. 
Both gametes are produced by the polyp, which can fuse to give rise to a 
free-swimming planula larva. The larva settles on a suitable substratum and 
develops into a sessile polyp. 


Class Scyphozoa 


Class Scyphozoa includes all the jellies and is exclusively a marine class of 
animals with about 200 known species. The defining characteristic of this 
class is that the medusa is the prominent stage in the life cycle, although 
there is a polyp stage present. Members of this species range from 2 to 40 
cm in length but the largest scyphozoan species, Cyanea capillata, can 
reach a size of 2 m across. Scyphozoans display a characteristic bell-like 
morphology ([link]). 


Gastrovascular cavity 


Epidermis 
Mesoglea 


Nematocyst- 
bearing tentacles 


(a) (b) 


A jelly is shown (a) photographed and (b) in a diagram illustrating 
its morphology. (credit a: modification of work by 
"Jimg944"/Flickr; credit b: modification of work by Mariana Ruiz 
Villareal) 


In the jellyfish, a mouth opening is present on the underside of the animal, 
surrounded by tentacles bearing nematocysts. Scyphozoans live most of 
their life cycle as free-swimming, solitary carnivores. The mouth leads to 
the gastrovascular cavity, which may be sectioned into four interconnected 
sacs, Called diverticuli. In some species, the digestive system may be further 
branched into radial canals. Like the septa in anthozoans, the branched 
gastrovascular cells serve two functions: to increase the surface area for 
nutrient absorption and diffusion; thus, more cells are in direct contact with 
the nutrients in the gastrovascular cavity. 


In scyphozoans, nerve cells are scattered all over the body. Neurons may 
even be present in clusters called rhopalia. These animals possess a ring of 
muscles lining the dome of the body, which provides the contractile force 
required to swim through water. Scyphozoans are dioecious animals, that is, 
the sexes are separate. The gonads are formed from the gastrodermis and 
gametes are expelled through the mouth. Planula larvae are formed by 
external fertilization; they settle on a substratum in a polypoid form known 
as scyphistoma. These forms may produce additional polyps by budding or 


may transform into the medusoid form. The life cycle ([link]) of these 
animals can be described as polymorphic, because they exhibit both a 
medusal and polypoid body plan at some point in their life cycle. 


The lifecycle of a jellyfish includes two stages: the 
medusa stage and the polyp stage. The polyp 
reproduces asexually by budding, and the medusa 
reproduces sexually. (credit "medusa": 
modification of work by Francesco Crippa) 


Note: 


Link to Learning 
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Identify the life cycle stages of jellies using this video animation quiz from 
the New England Aquarium. 


Class Cubozoa 


This class includes jellies that have a box-shaped medusa, or a bell that is 
square in cross-section; hence, are colloquially known as “box jellyfish.” 
These species may achieve sizes of 15-25 cm. Cubozoans display overall 
morphological and anatomical characteristics that are similar to those of the 
scyphozoans. A prominent difference between the two classes is the 
arrangement of tentacles. This is the most venomous group of all the 
cnidarians ((link]). 


The cubozoans contain muscular pads called pedalia at the corners of the 
square bell canopy, with one or more tentacles attached to each pedalium. 
These animals are further classified into orders based on the presence of 
single or multiple tentacles per pedalium. In some cases, the digestive 
system may extend into the pedalia. Nematocysts may be arranged ina 
spiral configuration along the tentacles; this arrangement helps to 
effectively subdue and capture prey. Cubozoans exist in a polypoid form 
that develops from a planula larva. These polyps show limited mobility 
along the substratum and, like scyphozoans, may bud to form more polyps 
to colonize a habitat. Polyp forms then transform into the medusoid forms. 


(a) 


The (a) tiny cubazoan jelly Malo kingi is thimble shaped and, like 
all cubozoan jellies, (b) has four muscular pedalia to which the 
tentacles attach. M. kingi is one of two species of jellies known to 
cause Irukandji syndrome, a condition characterized by 
excruciating muscle pain, vomiting, increased heart rate, and 
psychological symptoms. Two people in Australia, where 
Irukandji jellies are most commonly found, are believed to have 
died from Irukandji stings. (c) A sign on a beach in northern 
Australia warns swimmers of the danger. (credit c: modification of 
work by Peter Shanks) 


Class Hydrozoa 


Hydrozoa includes nearly 3,200 species; most are marine, although some 
freshwater species are known ([link]). Animals in this class are polymorphs, 
and most exhibit both polypoid and medusoid forms in their lifecycle, 
although this is variable. 


The polyp form in these animals often shows a cylindrical morphology with 
a central gastrovascular cavity lined by the gastrodermis. The gastrodermis 
and epidermis have a simple layer of mesoglea sandwiched between them. 
A mouth opening, surrounded by tentacles, is present at the oral end of the 
animal. Many hydrozoans form colonies that are composed of a branched 
colony of specialized polyps that share a gastrovascular cavity, such as in 


the colonial hydroid Obelia. Colonies may also be free-floating and contain 
medusoid and polypoid individuals in the colony as in Physalia (the 
Portuguese Man O’ War) or Velella (By-the-wind sailor). Even other 
species are solitary polyps (Hydra) or solitary medusae (Gonionemus). The 
true characteristic shared by all of these diverse species is that their gonads 
for sexual reproduction are derived from epidermal tissue, whereas in all 
other cnidarians they are derived from gastrodermal tissue. 


(a) Obelia (b) Physalia physalis (Portuguese Man O' War) 


(c) Velella bae (d) Hydra 


(a) Obelia, (b) Physalia physalis, known as the Portuguese Man 
O‘ War, (c) Velella bae, and (d) Hydra have different body shapes 
but all belong to the family Hydrozoa. (credit b: modification of 
work by NOAA; scale-bar data from Matt Russell) 


Section Summary 


Cnidarians represent a more complex level of organization than Porifera. 
They possess outer and inner tissue layers that sandwich a noncellular 
mesoglea. Cnidarians possess a well-formed digestive system and carry out 
extracellular digestion. The cnidocyte is a specialized cell for delivering 
toxins to prey as well as warning off predators. Cnidarians have separate 
sexes and have a lifecycle that involves morphologically distinct forms. 
These animals also show two distinct morphological forms—medusoid and 
polypoid—at various stages in their lifecycle. 


Review Questions 


Exercise: 


Problem:Cnidocytes are found in 


a. phylum Porifera 
b. phylum Nemertea 
c. phylum Nematoda 
d. phylum Cnidaria 


Solution: 


D 


Exercise: 


Problem:Cubozoans are 


a. polyps 

b. medusoids 
c. polymorphs 
d. sponges 


Solution: 


CG 


Free Response 


Exercise: 


Problem:Explain the function of nematocysts in cnidarians. 


Solution: 


Nematocysts are “stinging cells” designed to paralyze prey. The 
nematocysts contain a neurotoxin that renders prey immobile. 


Exercise: 


Problem: 
Compare the structural differences between Porifera and Cnidaria. 
Solution: 


Poriferans do not possess true tissues, while cnidarians do have tissues. 
Because of this difference, poriferans do not have a nervous system or 
muscles for locomotion, which cnidarians have. 


Glossary 


Cnidaria 
phylum of animals that are diploblastic and have radial symmetry 


cnidocyte 
specialized stinging cell found in Cnidaria 


epidermis 
outer layer (from ectoderm) that lines the outside of the animal 


extracellular digestion 
food is taken into the gastrovascular cavity, enzymes are secreted into 
the cavity, and the cells lining the cavity absorb nutrients 


gastrodermis 
inner layer (from endoderm) that lines the digestive cavity 


gastrovascular cavity 
opening that serves as both a mouth and an anus, which is termed an 
incomplete digestive system 


medusa 
free-floating cnidarian body plan with mouth on underside and 
tentacles hanging down from a bell 


mesoglea 
non-living, gel-like matrix present between ectoderm and endoderm in 
cnidarians 


nematocyst 
harpoon-like organelle within cnidocyte with pointed projectile and 
poison to stun and entangle prey 


polyp 
stalk-like sessile life form of a cnidarians with mouth and tentacles 
facing upward, usually sessile but may be able to glide along surface 


polymorphic 
possessing multiple body plans within the lifecycle of a group of 


organisms 


siphonophore 


tubular structure that serves as an inlet for water into the mantle cavity 


(1104L) Phylum Rotifera & Phylum Platyhelminthes 
By the end of this section, you will be able to: 


e Describe the unique anatomical and morphological features of 
flatworms, rotifers, Nemertea, mollusks, and annelids 

¢ Describe the development of an extracoelomic cavity 

e Discuss the advantages of true body segmentation 

e Explain the key features of Platyhelminthes and their importance as 
parasites 

e Describe the features of animals classified in phylum Annelida 


Animals belonging to superphylum Lophotrochozoa are protostomes, in 
which the blastopore, or the point of involution of the ectoderm or outer 
germ layer, becomes the mouth opening to the alimentary canal. This is 
called protostomy or “first mouth.” In protostomy, solid groups of cells split 
from the endoderm or inner germ layer to form a central mesodermal layer 
of cells. This layer multiplies into a band and then splits internally to form 
the coelom; this protostomic coelom is hence termed schizocoelom. 


As lophotrochozoans, the organisms in this superphylum possess either a 
lophophore or trochophore larvae. The lophophores include groups that are 
united by the presence of the lophophore, a set of ciliated tentacles 
surrounding the mouth. Lophophorata include the flatworms and several 
other phyla. These clades are upheld when RNA sequences are compared. 
Trochophore larvae are characterized by two bands of cilia around the body. 


The lophotrochozoans are triploblastic and possess an embryonic mesoderm 
sandwiched between the ectoderm and endoderm found in the diploblastic 
cnidarians. These phyla are also bilaterally symmetrical, meaning that a 
longitudinal section will divide them into right and left sides that are 
symmetrical. It also means the beginning of cephalization, the evolution of 
a concentration of nervous tissues and sensory organs in the head of the 
organism, which is where it first encounters its environment. 


Phylum Platyhelminthes 


The flatworms are acoelomate organisms that include many free-living and 
parasitic forms. Most of the flatworms are classified in the superphylum 
Lophotrochozoa, which also includes the mollusks and annelids. The 
Platyhelminthes consist of two lineages: the Catenulida and the 
Rhabditophora. The Catenulida, or "chain worms" is a small clade of just 
over 100 species. These worms typically reproduce asexually by budding. 
However, the offspring do not fully attach from the parents and, resemble a 
chain in appearance. All of the remaining flatworms discussed here are part 
of the Rhabditophora. Many flatworms are parasitic, including important 
parasites of humans. Flatworms have three embryonic tissue layers that give 
rise to surfaces that cover tissues (from ectoderm), internal tissues (from 
mesoderm), and line the digestive system (from endoderm). The epidermal 
tissue is a single layer cells or a layer of fused cells (syncytium) that covers 
a layer of circular muscle above a layer of longitudinal muscle. The 
mesodermal tissues include mesenchymal cells that contain collagen and 
support secretory cells that secrete mucus and other materials at the surface. 
The flatworms are acoelomates, so their bodies are solid between the outer 
surface and the cavity of the digestive system. 


Physiological Processes of Flatworms 


The free-living species of flatworms are predators or scavengers. Parasitic 
forms feed on the tissues of their hosts. Most flatworms, such as the 
planarian shown in [link], have a gastrovascular cavity rather than a 
complete digestive system. In such animals, the “mouth” is also used to 
expel waste materials from the digestive system. Some species also have an 
anal opening. The gut may be a simple sac or highly branched. Digestion is 
extracellular, with digested materials taken in to the cells of the gut lining 
by phagocytosis. One group, the cestodes, lacks a digestive system. 
Flatworms have an excretory system with a network of tubules throughout 
the body with openings to the environment and nearby flame cells, whose 
cilia beat to direct waste fluids concentrated in the tubules out of the body. 
The system is responsible for the regulation of dissolved salts and the 
excretion of nitrogenous wastes. The nervous system consists of a pair of 
nerve cords running the length of the body with connections between them 
and a large ganglion or concentration of nerves at the anterior end of the 


worm, where there may also be a concentration of photosensory and 
chemosensory cells. 


There is neither a circulatory nor respiratory system, with gas and nutrient 
exchange dependent on diffusion and cell-cell junctions. This necessarily 
limits the thickness of the body in these organisms, constraining them to be 
“flat” worms. 


Most flatworm species are monoecious, and fertilization is typically 
internal. Asexual reproduction is common in some groups. 


Transverse 
nerve 


Eyespot 


Cerebral ganglia 


Longitudinal nerve cords 
Peripheral nerves 


Nucleus 
Excretory canal 


Flame cell 


Excretory pore 


The planarian is a flatworm that has a gastrovascular cavity 
with one opening that serves as both mouth and anus. The 
excretory system is made up of tubules connected to excretory 
pores on both sides of the body. The nervous system is 
composed of two interconnected nerve cords running the length 
of the body, with cerebral ganglia and eyespots at the anterior 
end. 


Diversity of Flatworms 


Platyhelminthes are traditionally divided into four classes: Turbellaria, 
Monogenea, Trematoda, and Cestoda ([link]). As discussed above, the 
relationships among members of these classes is being reassessed, with the 
turbellarians in particular now viewed as a paraphyletic group, a group that 
does not have a single common ancestor. 


er eae 


(a) Class Turbellaria (b) Class Monogenea 


(c) Class Trematoda (d) Class Cestoda 


Phylum Platyhelminthes is divided into four classes. (a) Class 
Turbellaria includes the Bedford’s flatworm (Pseudobiceros 
bedfordi), which is about 8—10 cm in length. (b) The parasitic 
class Monogenea includes Dactylogyrus spp. Dactylogyrus, 
commonly called a gill fluke, is about 0.2 mm in length and has 


two anchors, indicated by arrows, that it uses to latch onto the 
gills of host fish. (c) The Trematoda class includes 
Fascioloides magna (right) and Fasciaola hepatica (two 
specimens of left, also known as the common liver fluke). (d) 
Class Cestoda includes tapeworms such as this Taenia 
saginata. T. saginata, which infects both cattle and humans, 
can reach 4—10 meters in length; the specimen shown here is 
about 4 meters. (credit a: modification of work by Jan Derk; 
credit d: modification of work by CDC) 


The class Turbellaria includes mainly free-living, marine species, although 
some species live in freshwater or moist terrestrial environments. The 
ventral epidermis of turbellarians is ciliated and facilitates their locomotion. 
Some turbellarians are capable of remarkable feats of regeneration in which 
they may regrow the body, even from a small fragment. 


The monogeneans are ectoparasites, mostly of fish, with simple lifecycles 
that consist of a free-swimming larva that attaches to a fish to begin 
transformation to the parasitic adult form. The parasite has only one host 
and that host is usually only one species. The worms may produce enzymes 
that digest the host tissues or simply graze on surface mucus and skin 
particles. Most monogeneans are hermaphroditic, but the male gametes 
develop first and so cross-fertilization is quite common. 


The trematodes, or flukes, are internal parasites of mollusks and many other 
groups, including humans. Trematodes have complex lifecycles that involve 
a primary host in which sexual reproduction occurs, and one or more 
secondary hosts in which asexual reproduction occurs. The primary host is 
almost always a mollusk. Trematodes are responsible for serious human 
diseases including schistosomiasis, a blood fluke. The disease infects an 
estimated 200 million people in the tropics, leading to organ damage and 
chronic symptoms like fatigue. Infection occurs when the human enters the 
water and a larva, released from the primary snail host, locates and 
penetrates the skin. The parasite infects various organs in the body and 
feeds on red blood cells before reproducing. Many of the eggs are released 


in feces and find their way into a waterway, where they are able to reinfect 
the primary snail host. 


The cestodes, or tapeworms, are also internal parasites, mainly of 
vertebrates ([link]). Tapeworms live in the intestinal tract of the primary 
host and remain fixed using a sucker on the anterior end, or scolex, of the 
tapeworm body. The remaining body of the tapeworm is made up of a long 
series of units called proglottids, each of which may contain an excretory 
system with flame cells, but contain reproductive structures, both male and 
female. Tapeworms do not possess a digestive system; instead, they absorb 
nutrients from the food matter passing them in the host’s intestine. 


Proglottids are produced at the scolex and gradually migrate to the end of 
the tapeworm; at this point, they are “mature” and all structures except 
fertilized eggs have degenerated. Most reproduction occurs by cross- 
fertilization. The proglottid detaches from the body of the worm and is 
released into the feces of the organism. The eggs are eaten by an 
intermediate host. The juvenile worm infects the intermediate host and 
takes up residence, usually in muscle tissue. When the muscle tissue is 
eaten by the primary host, the cycle is completed. There are several 
tapeworm parasites of humans that are transmitted by eating uncooked or 
poorly cooked pork, beef, and fish. 


4] Embryos develop into 
larvae in muscle. 


@ Humans are infected by ingesting 


Embryos penetrate raw or undercooked meat. 


the intestinal wall 
and circulate to 
musculature. 


Om 


Cattle (T. saginata) and pigs (T. solium) 
become infected by ingesting vegetation 
contaminated by eggs or proglottids. 


T. saginata__ T. solium 
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Scolex attaches to intestine. 


@ Proglottids form. a 


T. saginata_T. solium 


Eggs and proglottids in feces 
are passed into the environment. 


Tapeworm (Taenia spp.) infections occur when humans consume 
raw or undercooked infected meat. (credit: modification of work 
by CDC) 


Phylum Rotifera 


The rotifers are a microscopic (about 100 pm to 30 mm) group of mostly 
aquatic organisms that get their name from the corona, a rotating, wheel- 
like structure that is covered with cilia at their anterior end ((link]). 
Although their taxonomy is currently in flux, one treatment places the 
rotifers in three classes: Bdelloidea, Monogononta, and Seisonidea. The 
classification of the group is currently under revision, however, as more 
phylogenetic evidence becomes available. It is possible that the “spiny 


headed worms” currently in phylum Acanthocephala will be incorporated 
into this group in the future. 


The body form of rotifers consists of a head (which contains the corona), a 
trunk (which contains the organs), and the foot. Rotifers are typically free- 
swimming and truly planktonic organisms, but the toes or extensions of the 
foot can secrete a sticky material forming a holdfast to help them adhere to 
surfaces. The head contains sensory organs in the form of a bi-lobed brain 
and small eyespots near the corona. 


(a) Bdelloidea (a) Monogonota 


Shown are examples from two of the three classes of rotifer. (a) 
Species from the class Bdelloidea are characterized by a large 

corona, shown separately from the whole animals in the center 
of this scanning electron micrograph. (b) Polyarthra, from the 

class Monogononta, has a smaller corona than Bdelloid 
rotifers, and a single gonad, which give the class its name. 
(credit a: modification of work by Diego Fontaneto; credit b: 
modification of work by U.S. EPA; scale-bar data from Cory 
Zanker) 


The rotifers are filter feeders that will eat dead material, algae, and other 
microscopic living organisms, and are therefore very important components 
of aquatic food webs. Rotifers obtain food that is directed toward the mouth 
by the current created from the movement of the corona. The food particles 
enter the mouth and travel to the mastax (pharynx with jaw-like structures). 
Food then passes by digestive and salivary glands, and into the stomach, 
then onto the intestines. Digestive and excretory wastes are collected in a 
cloacal bladder before being released out the anus. 


Note: 
Link to Learning 
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Watch this video to see rotifers feeding. 


Rotifers are pseudocoelomates commonly found in fresh water and some 
salt water environments throughout the world. [link] shows the anatomy of 
a rotifer belonging to class Bdelloidea. About 2,200 species of rotifers have 
been identified. Rotifers are dioecious organisms (having either male or 
female genitalia) and exhibit sexual dimorphism (males and females have 
different forms). Many species are parthenogenic and exhibit haplodiploidy, 
a method of gender determination in which a fertilized egg develops into a 
female and an unfertilized egg develops into a male. In many dioecious 
species, males are short-lived and smaller with no digestive system and a 
single testis. Females can produce eggs that are capable of dormancy for 
protection during harsh environmental conditions. 


Mouth 
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This illustration shows the 
anatomy of a bdelloid rotifer. 


Glossary 


Annelida 
phylum of vermiform animals with metamerism 


captacula 
tentacle-like projection that is present in tusks shells to catch prey 


clitellum 
specialized band of fused segments, which aids in reproduction 


conispiral 
shell shape coiled around a horizontal axis 


corona 
wheel-like structure on the anterior portion of the rotifer that contains 
cilia and moves food and water toward the mouth 


ctenidium 
specialized gill structure in mollusks 


mantle 
(also, pallium) specialized epidermis that encloses all visceral organs 
and secretes shells 


mastax 
jawed pharynx unique to the rotifers 


metamerism 
series of body structures that are similar internally and externally, such 
as segments 


Mollusca 
phylum of protostomes with soft bodies and no segmentation 


nacre 
calcareous secretion produced by bivalves to line the inner side of 
Shells as well as to coat intruding particulate matter 


Nemertea 
phylum of dorsoventrally flattened protostomes known as ribbon 
worms 


parapodium 
fleshy, flat, appendage that protrudes in pairs from each segment of 
polychaetes 


pilidium 
larval form found in some nemertine species 


planospiral 
shell shape coiled around a vertical axis 


planuliform 
larval form found in phylum Nemertea 


radula 
tongue-like organ with chitinous ornamentation 


rhynchocoel 
cavity present above the mouth that houses the proboscis 


schizocoelom 
coelom formed by groups of cells that split from the endodermal layer 


seta/chaeta 
chitinous projection from the cuticle 


trochophore 
first of the two larval stages in mollusks 


veliger 
second of the two larval stages in mollusks 


